The performance characteristics of a new photometer that incorporated a reaction system consisting of a movable ifitration tape have been studied for use with the firefly luciferase assay for adenosine 5'-triphosphate. Precision, linearity, and sensitivity are given for measuring a graded series of constant-light emitters, concentrations of adenosine 5'-triphosphate, and washed bacterial cells. Precision ranged from 1 to 10% coefficient of variation. The coefficient of correlation was 0.9985 for 7 x 108 to 7 x 103 bacteria per ml; however, the accuracy decreased at the low levels. The sample processing time was 2 min for a 1-ml sample. This instrument shows potential for many applications in quantitating small numbers of organisms, e.g., pollution, water monitoring, and clinical infection detection.
Availability of instrumentation for luminescence measurements has increased greatly in the past 6 years as a result of an increase in the use of luminescence methods for analytical applications (4) . Several chemical reactions that produce light quantitatively in response to a certain factor have been optimized to give a quantitative measurement of that factor, and, by correlation, of other factors. These include the firefly luciferase assays for adenosine 5'-triphosphate (ATP), for bacteria (2) , and for biomass (10) ; the photobacteria luciferase assays for flavin mononucleotide (5) and for bacteria (3) ; and the luminol chemiluminescent reaction for bacterial iron porphyrins (13) . Three commercial photometers are available for light measurement from liquid-liquid injection in a lighttight compartment. They are ATP photometer, SAI Technology Co., San Diego, Calif.; Luminescence Biometer, E. I. DuPont de Nemours and Co., Inc., Wilmington, Del.; and Chem-Glow Photometer, American Instrument Co., Inc., Silver Spring, Md. These instruments were discussed at the ATP Methodology Symposium (17) . A new instrument, the Vitatect IIs, is now offered by Vitatect Corp., Alexandria, Va. It is a photometer that incorporates sample processing steps carried out on a moving filter tape system. This paper presents a description of the performance characteristics of the Vitatect IIs for use with the firefly luciferase assays for ATP and for bacteria. metabolism allow its assay to be an excellent monitor of the amount of biological material in a specimen. Because it has been established that the firefly luciferase reaction, where light is produced by an enzymatic reaction, is specific for ATP, many investigators use this reaction to determine amount of bacteria and biological mass (1, 7-9, 11, 14) .
The reaction mechanism and kinetics have been determined by several investigators (12, 18) . The reaction can be summarized in two steps (16) The reaction system (Fig. 2) allows for filtration of the sample, treatment of the materials held by the filter with washing solutions or extracting agents, and addition of the light-producing reagents. The sample is drawn up into a disposable hypodermic needle and syringe (1 ml, 22 gauge, 1.5 inch [ca. 3.81 cm]), measured, and injected into the filtration port. Sample particles of greater than 0.22-um nominal diameter are retained on the filter. The filtrate is exited to drain. The sample can then be washed to remove interfering material and dried by pushing through 5 cm3 of air via hypodermic syringe to remove residual liquid. An extractant is added, and the extracted sample-impregnated area of the filter is moved around and down by an indexed knob to the reaction position above the photocathode. A transparent cellophane tape forms a backing for the filter tape and protects the phototube surface. The luciferase-luciferin mixture is; injected through the reagent port in sufficient volume to just wet the impregnated area and penetrate through the back of the filter tape. Light emission is then measured by the photometer.
An attachment is available for automatic injection of 1/50 of the volume of a syringe (1 to 5 ml). Various types of filter material may be used; however, the OPTIONAL REAGENT PORT,, filter must be able to maintain its structure when wetted and pulled by the takeup reels. For these experiments, Acropor AN/450 filter materials (Gelman, Instrument Co., Ann Arbor, Mich. or Schleicher and Schuell Co., Keene, N.H.) were used as filtration tape, and cellophane was used as the backing tape. The filtration area may be varied by use of interchangeable filtration plates and complimentary phototube aperture washers.
Adaptability of the system to various applications is enhanced by the options available in the processing sequence. For example, several types of chemical processing can be carried out in a test tube, and then the processed sample can be added to the filter with the washing-off of all reagents.
RESULTS
The performance characteristics of the Vitatect IHs can be described by a series of experiments designed to test its precision, linearity, and sensitivity in measurement ofa graded series of phosphors, serial dilutions of standard ATP, and serial dilutions of washed bacteria. 14C-labeled phosphor mixtures were exposed to the photocathode. Serial dilutions of ATP were made in deionized water, and 0.05 ml was applied to the filter tape. The tape was indexed to the reaction position, and 0.05 ml of firefly luciferase was injected. Table 2 shows the amount of ATP applied versus light units ± a.
A 4-h culture of Escherichia coli was centrifuged at 8,000 x g for 10 min and then washed twice in saline. The pellet was resuspended in saline, and a Coulter count was performed on one portion as follows. A 1-ml suspension was injected into the sample port, and 5 cm3 of air was forced through afterwards. A 0.02-ml volume of 0.1 N HNO3 was injected onto the bacteria on the filter tape. The filter tape was indexed to the reagent port, and 0.04 ml of luciferase mixture was injected.
Some types of organisms may be affected by drying on the filter, and intracellular levels of ATP could vary. Therefore, it is advisable to control the time of drying and to determine the sensitivity of the sample to these conditions. Table 3 gives the precision, sensitivity, and linearity of a concentration curve of bacteria. The results were linear from 7 x 108 to 7 x 103 E. coli, with a 5.38% average coefficient of variation. The values given are the average of duplicate filtration readings of 60-s integration counts. The control values are those taken when all reagents were present except the ATP or the bacteria, respectively. Control values are subtracted from those values that they would affect. The correlation coefficient for linear regression analysis is r = 0.998, for 7 x 103 to 7 x 107 bacteria per ml. The slope of the regression line is 0.927. The Coulter count for the stock solution measured 7 .20 x 108 ± 0.11 x 108 cells per ml with a 3.85% coefficient of variation.
Below concentrations of 10-7 ,tg of ATP and 103 bacteria, the light relationship changes, and there is no longer a direct proportionality. This 
DISCUSSION
The firefly luciferase assay has been applied to a variety ofareas including pollution, infection detection, antibiotic susceptibilities, water quality monitoring, ocean biomass, seed fertility, pesticide evaluation, and bacterial levels in foods. The usefulness of the Vitatect IIs in each of these areas remAins to be evaluated. However, each application will have its own set of problems, and specific procedures will have to be developed.
One of the major problems in determining the relationship between ATP levels and bacterial cell number is the presence in the sample of soluble ATP. Additionally, there may be nonbacterial cells containing ATP, such as blood and other tissue cells. Sample processing steps can be used to remove the ATP associated with nonbacterial cells and also any soluble ATP (4). The specimen can be treated with a nonionic detergent that selectively ruptures mammalian cells and does not disturb the cell membranes of bacteria. An adenosine triphosphatase can be added to hydrolyze all the free ATP. After inactivation of the adenosine triphosphatase, the bacteria cells are ruptured, and their ATP is assayed by the luciferase light reaction (6) . Another problem will be difficulty in filtering some solutions with large amounts of particulate materials. This can be mitigated by temperature, pH shifts, and additives (15) .
An examination of the performance of the Vitatect Ha, for use with standard lights, standard ATP, and washed bacteria, using the firefly luciferase ATP assay, has determined its precision, linearity, and sensitivity for the measurement of ATP and bacteria. This system is suitable for continuous in-line applications where concentration by filtration is required.
The unique advantage of this instrument is that it incorporates a processing mode for samples that can be concentrated and extracted on a filter, with subsequent reaction of the sample with luciferase on the photocathode surface to produce a high efficiency for light collection. It eliminates processing tubes and handling and allows a minimum chance of sample misidentification.
